. Conclusions: Ultrasonographic study of the radial artery before CCA can provide valuable information regarding vascular access. (Cardiol J 2017; 24, 1: 9-14) 
Introduction
Transradial-approach (TRA) coronary angiography, the preferred access for conventional coronary angiography (CCA), results in early ambulation of patients and lower rates of vascular access complications (VACs) and major bleeding [1] [2] [3] [4] [5] [6] [7] . With TRA, there is minimal risk of entry site-related complications; around 5% of patients may have clinical evidence of radial artery occlusion (RAO), which may persist in 2.8% [8] . In addition, perforation and chronic regional pain syndrome occur only rarely [9, 10] . Radial artery Doppler ultrasound imaging has a major role in investigating post-procedure complications [11] . Radial artery VACs are associated with a smaller radial artery diameter (RAD) [12] ; however, there are no data regarding the effect of the radial artery cross-sectional area (CSA) and perimeter. The purpose of the present study was, therefore, to evaluate the impact of pre-procedure RAD, CSA, and perimeter, as determined by ultrasound, on the rate of VACs.
Methods

Patient seletion
We performed a single-center prospective study of 513 consecutive patients referred to Prince Sultan Cardiac Center Qassim for CCA. Patients were enrolled between April 2014 and July 2015. Patients referred for primary percutaneous coronary intervention (pPCI) and those with a history of trans-radial CCA were excluded. The study protocol was approved by the regional ethics committee, and all patients provided written informed consent.
Radial artery Doppler ultrasound
Pre-procedural ultrasound study was performed for all patients using a Vivid i ultrasound system (Vingmed Medical Systems/GE Healthcare, Milwaukee, WI, USA) with a 9L-D linear transducer with a frequency of 13 MHz. Pre-procedure cross-sectional imaging of the radial artery was performed by placing the probe 2 cm proximal to the styloid process of the radius, perpendicular to the vessel wall. Mean RAD was calculated by averaging the maximum and minimum diameters of the radial artery. The perimeter and CSA were measured by tracing the inner vascular lumen (Fig. 1) . Next, the probe was aligned longitudinally for color Doppler imaging to assess the presence of blood flow and peak systolic velocity. Image depth and 2-dimensional gain were optimized to obtain the best image quality. In all patients ultrasound assessment of the radial artery was repeated 3-5 h after the procedure to compare pre-and post-procedure RAD, CSA, perimeter, and peak systolic velocity and to determine possible complications, such as RAO, perforation, and hematoma.
Coronary angiography protocol
Conventional coronary angiography was performed using the standard technique. The right radial artery was used for vascular access. After local anesthesia had been achieved with subcutaneous injection of 2% lidocaine, the radial artery was punctured with a 21-gauge needle. Following this, a 6-French sheath (Terumo Co. Tokyo, Japan) was introduced, and an intra-arterial vasodilator cocktail (verapamil 2 mg and nitroglycerin 200 mg) and 3000 IU of unfractionated heparin were administered. All intra-procedural vascular complications, such as radial artery dissection, radial artery spasm, and conversion to femoral access because of failure of radial arterial access, were recorded. All interventionists in the study had an experience of more than 2 years and had an annual rate of more than 75 transradial coronary interventions per year.
Sheath removal and hemostasis methods
Arterial sheaths were removed immediately after the procedure, then radial compression with a pneumatic device (TR Band of Terumo. Europe, Leuven, Belgium) was placed tightly around the wrist; the band was inflated with 15-18 mL of air to obtain homeostasis. The pneumatic device was kept in place for 2-3 h with repeated 2 mL air withdrawal to reduce inflation pressure. Finally, the tight dressing was applied at puncture site after device removal.
Definition of VACs
Radial artery occlusion is defined as total obstruction with the absence of flow signal using color flow imaging and pulsed wave Doppler.
Vascular access bleeding is defined as prolong puncture site bleeding despite proper placement of radial compression device or formation of a significant palpable hematoma at the puncture site.
Pseudoaneurysm is defined as arterial wall deficiency, which leads to accumulation of blood in the nearby extra-luminal region with or without clot formation. 
Statistical analysis
Continuous data are presented as mean ± standard deviation and categorical variables are expressed as number and percentage. Student's t-test was used to analyze the differences between continuous variables and between groups of patients with and without complicated radial artery approach. The c 2 test was used to compare categorical variables. Univariate regression was used to study the association between procedure failure with radial artery ultrasound parameters, and a multivariate logistic regression model determined the ability of the three ultrasound parameters to predict VACs. All statistical analysis was performed using SPSS for Windows, Version 19.0 (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant for all tests.
Results
Clinical characteristics
The mean age was 59 ± 12 years. Three hundred sixty-seven (71.5%) patients were male. Other clinical characteristics are presented in (Table 1) .
Radial ultrasound measurements
Mean RAD, CSA, and perimeter were 2.6 ± ± 0.48 mm, 6.2 ± 3 mm 2 , and 8.9 ± 1.7 mm, respectively. Mean RAD, CSA, and perimeter were significantly greater in men than in women (p < < 0.0001, p < 0.0001, and p = 0.0001, respectively) (Fig. 2) .
Coronary artery procedure
Percutaneous coronary intervention was performed in 354 (69%) patients. Fifty-six (11%) patients had VACs: 11 (2.1%) had RAO, 12 (2.3%) had vascular-access bleeding, 5 (1.2%) had radial artery dissection, 1 (0.2%) had pseudoaneurysm ( Fig. 3) and 27 (5.2%) had severe radial artery spasm requiring conversion to femoral access.
We found that female sex (p = 0.001), smaller RAD (p = 0.0001), CSA (p = 0.001), and perimeter (p = 0.0001) were significantly more frequently observed in procedures with complications than in those without complications (Table 2) .
Radial ultrasound measurements impact on VACs
Univariate logistic regression showed that ultrasound measurements can independently predict VACs as follow: odds ratio (OR) 0.833, 95% confidence interval (CI) 0.777-0.894, p < 0.0001 for RDA, OR 0.647, 95% CI 0.541-0.773, p < 0.0001 for CSA, and OR 0.545, 95% CI 0.446-0.665, p < 0.0001 for perimeter (Table 3) .
On the other hand, multivariate logistic regression using the radial measurements and other baseline characteristics showed that the radial artery perimeter is the only predictor for VACs as follows: OR 0.49, 95% CI 0.33-0.726, p < 0.0001. Figure 2 . Ultrasound parameters in female and male subsets. Men vs. women had a larger radial diameter, cross-sectional area (CSA), and perimeter; RAD -radial artery diameter.
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In addition we found that RAD (p = 0.021), CSA (p < 0.0001), and perimeter (p < 0.0001) were significantly smaller pre-procedure than postprocedure (Fig. 4) .
Using receiver-operating characteristics curves we found that vascular complications were accurately predicted by ultrasound measurements, with area under the curve (AUC) for RAD: 0.681; 95% CI 0.595-0.767; p < 0.0001, AUC for CSA: 0.686; 95% CI 0.603-0.770; p < 0.0001, and AUC for perimeter: 0.703; 95% CI 0.621-0.785; p < < 0.0001 (Fig. 5) . For the different radial measurements we found that cutoff value of less than 2.2 mm for RDA had 0.69 sensitivity and 0.59 specificity, CSA less than 5 mm 2 has 0.68 sensitivity and 0.61 specificity, and perimeter less than 8 mm has 0.69 sensitivity and 0.61 specificity to predict VACs.
Discussion
Transradial-approach has become the standard access for CCA because it allows earlier mobility, reduced hospital stay, and decrease rates of VACs [13, 14] . Furthermore, the indications for TRA have expanded to include the pPCI and treatment of complex lesions, such as those occurring at bifurcations and those creating total occlusion [15] [16] [17] . The most frequent complication after TRA is RAO; its incidence of around 5% may be higher for smaller RADs [8, 12] . Multiple factors, such as sex, wrist circumference, and family history, can predict radial artery size [18] . The Allen test is widely used to evaluate the patency of the radial and ulnar arteries and the sufficiency of the palmar arch collateral circulation before CCA, but the clinical validity of the test before TRA is questionable [19] . Radial artery ultrasound allows measurement of radial diameter and assessment of flow and detection of arterial stenosis, and provides valuable information about vascular anatomy. To our knowledge, this is the first investigation of the role of radial artery CSA and perimeter before TRA.
In the present study, VACs tended to occur with smaller RAD, CSA, and perimeter, and radial artery measurements were significantly larger post-procedure than pre-procedure. Our results are consistent with those of previous reports by Nagai et al. [11] and Yan et al. [12] , which showed that smaller radial diameters were associated with higher rates of RAO and procedure failure. In contrast with our findings, Nagai et al. [11] observed significantly smaller post-procedure than pre-procedure RAD. This can be explained by the persistent action of vasodilating medication or the mechanical effect of the arterial sheath dilator caused by earlier ultrasound examination (3-5 h post-procedure) in our study compared with 2 days for Nagai et al. [11] .
Radial artery ultrasound is a noninvasive technique that can be performed easily and quickly at bedside. It can also provide important information about vessel anatomy that may predict the procedure's success, mainly in patients expected to have a smaller radial artery lumen such as women or individuals with smaller body habitus. In addition, post-procedure radial ultrasound enables early detection of peri-procedural complications and hence, proper management and follow-up.
Limitations of the study
Our study had some limitations. First, although 50% of RAO improves in long-term follow-up, there was no late follow-up ultrasound imaging in our study. Second, only 6-French arterial sheaths were used, which precluded an analysis of the effect of different sheath sizes on the radial artery. Third, www.cardiologyjournal.org no patients with transfemoral access were included for comparison with TRA. Forth, patients with the previous transradial coronary procedure were not included in the study. Given the findings, however, the inclusion of these patients would have provided valuable information about the long-term effect of coronary intervention procedure on the radial artery lumen and wall. In addition, the inclusion of these patients would allow the effect of multiple transradial interventions on the incidence rate of VACs to be evaluated, which may guide the selection of the optimal access site for the following procedure. Finally, patients who underwent pPCI were excluded.
Conclusions
Radial artery ultrasound examination can provide important information before CCA using TRA. In the present study, we found that a smaller radial diameter, CSA, and perimeter were associated with higher rates of VACs.
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